Background: This study investigated the relationship between depressive symptoms and physical fitness, obesity indices, and vitamin D status in office workers. Methods: The subjects were 514 adults with more 30 years of experience as office workers in the city of Seoul. Lifestyle risk factors, obesity indices, physical fitness, and serum vitamin D levels were assessed with a standardized protocol. The Beck Depression Inventory (BDI) was used to assess depression status. Vitamin D status was assessed by measuring serum 25-hydroxyvitamin D concentrations. Based on the BDI scores, participants were classified into no depression (ND, BDI ≤9), mild depression (MiD, 10≤BDI≤15), and moderate depression (MoD, 16≤BDI≤23) groups. Results: Compared with the high cardiorespriatory fitness group, the low cardiorespiratory fitness (men OR=2.618, women OR=1.596) an middle cardiorespiratory fitness group (men OR=1.256, women OR=1.110) had significantly higher odds ratio for having depressive symptoms, even after adjustment for age, hypertension, diabetes, hyperlipidemia, cardiovascular disease, alcohol intake, smoking, body mass index (BMI), percent body fat (%BF), and waist circumference (WC). Compared with the insufficient or deficient vitamin D group , the sufficient vitamin D group had significantly lower odds ratios for having depressive symptoms (men OR=0.121, women OR=0.114), even after adjustment for age, hypertension, diabetes, hyperlipidemia, cardiovascular disease, alcohol intake, smoking, BMI, %BF, and WC. Conclusion: Vitamin D supplementation and outdoor activities should be key components of a lifestyle intervention against office workers' depression.
INTRODUCTION
Office workers, who spend most of their time in an office, are exposed to several health risks, such as inadequate physical activity, irregular diet, and stress from excessive workloads; thus, office workers ultimately are at an increased risk of various diseases, including obesity and metabolic disorders. In particular, office workers are confronted by high levels of stress and health risks due to company dinner outings, frequent alcohol use for stress relief, repetitive and monotonous work, and relationships with colleagues.
This highlights the importance of focusing attention and efforts on promoting the health of these workers. Further, most office workers have experienced physical anomalies caused by job stress, including mental lethargy and stress-induced digestive disorders, as well as depressive symptoms and depression. 1 Depression is one of the most common mental disorders that undermine social function and quality of life ing that approximately 10.3% of all Korean adults aged 18 or older have experienced depressive symptoms, alluding to the escalated individual and social burden from depression. 4 Depression is associated with high recurrence 5 , and the interaction among biological loss 6 , psychosocial factors 7 , and lifestyle risk factors has been implicated in causing it. 8 Physical inactivity, which is a modifiable lifestyle risk factor, is associated not only with depressive symptoms but also with various chronic diseases. Furthermore, it has widely been associated with metabolic diseases, such as hypertension and diabetes, as well as obesity and reduced physical fitness. 9 In contrast, several reports have suggested that regular physical activity reduces negative emotions, such as depression and anxiety, and increases positive emotions, such as self-esteem and self-efficacy, by promoting shortterm or long-term psychological stability through enhanced physical fitness and reduced stress, worries, and depression. Meanwhile, much attention has been directed to the association between depression and obesity, a major lifestyle risk factor for physical health. Dixon et al. 15 reported that body mass index (BMI) and depression are significantly correlated, with a particularly intimate association between increased body weight and depression in young women. Further, Guedes et al. 16 reported that depressive symptoms increase with increasing body fat percentage, waist circumference, waist-hip-ratio, and BMI in patients with metabolic disorder. Kim et al. 17 found that obesity and depression were associated in women in their 20s-30s but not in men. 
METHODS

Participants
We surveyed the depression, alcohol use, and smoking status and Table 1 . This study was approved by the Institutional Review Board (IRB) at the Sungkyunkwan University (SKKU-IRB-2015-09-001-002). The participants were provided with the detailed information regarding the study and signed on a written informed consent form prior to their participation in the study. 
Measurement instruments and methods
Beck depression inventory (BDI)
Depressive symptoms were measured using the BDI, which was originally developed by Beck 18 and adapted by Lee et al. 19 for use in Korea. The BDI comprises 21 items, and each item comprises four options describing the severity of depressive symptoms. The respondent selects the option that best describes their experience. A score of 0-3 is given, and a higher total score indicates more severe depression. The cutoffs were as follows: a score of 0-9 was no depression, a score of 10-15 was mild depression, a score of 16-23 was moderate depression, and a score of 24-63 was severe depression.
Health-related fitness
We measured the following health-related fitness components: muscular strength, muscular endurance, flexibility, and cardiorespiratory fitness. First, upper-body muscle strength was measured twice through handgrip strength on the right and left hands using a dynamometer (GRIP-D 501 5101; TAKEI, Co., Japan), and the maximal value was recorded to the nearest 0.1 kg. Muscular endurance was measured through sit-ups, and the number of repetitions performed in one minute was recorded. Flexibility was measured twice through sit and reach, and the highest value was recorded to the nearest 0.1 cm. Finally, cardiorespiratory fitness was measured with a maximal exercise test as per the Bruce protocol. Heart rate (HR) was measured every minute, and blood pressure (BP) and the rate of perceived exertion (RPE) were measured while incre- Finally, the total physical fitness score was the sum of the zscores for handgrip, muscular endurance, flexibility, and cardiorespiratory fitness.
Obesity index
Body weight and percent body fat were measured using the X- 
Data processing
Frequency analysis and descriptive statistics were used to analyze the participants' characteristics. Polynomial contrasts of oneway analysis of variance (ANOVA) were used to identify the pres- ) was performed to analyze the differences in smoking, alcohol use, and participation in physical activities according to depressive symptoms. In addition, the associations between lifestyle risk factors and depressive symptoms were analyzed by calculating odds ratios (ORs) using a binomial logistic regression. All data analyses were performed using SPSS ver. 18.0 software (SPSS Inc., Chicago, IL, USA) with the significance set at α = 0.05.
RESULTS
We performed separate analyses for women and men to identify how depression status is associated with the obesity index and vita- 
Age and other characteristics according to depressive symptoms
A total of 514 office workers (334 men, 180 women) who participated in this study were classified into three groups based on their depressive symptoms. Table 1 shows the age and clinical features of the three groups. There were no significant differences in age among the three groups of depression for both men and women. There were no significant intergroup differences in alcohol use for men; however, there was a significant intergroup difference in alcohol use for women (P = 0.021). Neither men nor women showed significant intergroup differences in smoking status, hypertension, diabetes, hyperlipidemia, and cardiovascular disease. Furthermore, men did not show significant intergroup differences in any of the physical activity components, whereas women showed a significant intergroup difference in participation in moderate-intensity physical activity (P = 0.034).
Health-related fitness according to depressive symptoms
The comparison of muscular strength, muscular endurance, flexibility, and cardiorespiratory fitness according to depressive symptoms is shown in Table 2 . First, both men and women showed a significant linear trend in cardiorespiratory fitness across depressive symptoms; however, no such trend existed in muscular strength, muscular endurance, and flexibility. In other words, the lower the cardiorespiratory fitness, the worse the depressive symptoms. Further, only women showed a significant linear trend between total physical fitness score (sum of standard scores for each physical fitness component) and depressive symptoms, indicating that the lower the physical fitness, including muscular strength, muscular endurance, flexibility, and cardiorespiratory fitness, the worse the depressive symptoms.
Obesity indices according to depressive symptoms
The comparison of BMI, body fat percentage, and waist circumference according to depressive symptoms is shown in Table 3 .
Neither the men nor women had a significant linear trend in obesity across the three depression groups. In other words, male and female office workers' depressive symptoms were not associated with their BMI, body fat percentage, or waist circumference.
Serum vitamin D concentration according to depressive symptoms
The comparison of serum vitamin D concentration according to depressive symptoms is shown in Table 4 . Both the men and women showed a significant linear trend in blood vitamin D level according to depressive symptoms. In other words, the lower the male and female office workers' blood vitamin D concentration, the worse the depressive symptoms.
Relative risks for depression predicted by cardiorespiratory fitness and vitamin D levels
Among the modifiable lifestyle risk factors, cardiorespiratory fitness and blood vitamin D level were highly correlated with depressive symptoms. Hence, we classified the participants into the top 25th percentile (high fitness), 50th percentile (middle fitness), and (Table 5) . First, with regard to the relative risk for depressive symptoms according to cardiorespiratory fitness, the odds ratios for developing depressive symptoms in the male middle fitness and low fitness groups were 1.3 and 2.6, respectively, and those for the female middle fitness and low fitness groups were 1. With regard to the association between physical fitness and depressive symptoms, neither men nor women showed significant differences in muscular strength, muscular endurance, and flexibility according to depressive symptoms; however, they showed a significant difference in cardiorespiratory fitness according to depressive symptoms. Furthermore, when we divided participants into three groups of cardiorespiratory fitness and compared the level of depression adjusting for age, the risk of depression increased with decreasing cardiorespiratory fitness. These results support previous findings and highlight the importance of cardiorespiratory fitness in the prevention and improvement of depressive symptoms. Gerber et al. 21 reported that the middle or high cardiorespiratory fitness groups were significantly less likely to develop depression than was the low cardiorespiratory fitness group despite exposure to high stress. In a longitudinal study of 10,290 participants, Dishman et al. 22 reported that prevalence of depression in men and women increased by 2% and 9.5%, respectively, with a reduction of treadmill duration by 1 minute, suggesting that cardiorespiratory fitness plays an important role in the development of depression. In our study, individuals with low cardiorespiratory fitness had a higher relative risk of depressive symptoms than did those with high cardiorespiratory fitness, even after adjusting for age, chronic disease, obesity index, and alcohol/smoking status. In other words, maintenance or improvement of cardiorespiratory fitness is more important than any other measure to prevent and improve depression.
An array of neurotransmitters is involved in the biological mechanism underlying obesity and depression, and it is known that activation of the hypothalamus-pituitary-adrenal axis induces depressive symptoms. In our analysis, obesity indices and depressive symptoms were not associated in either sex. According to a longitudinal study of adults by Ormel et al. 23 , obesity was not independently associated with depression when age, smoking, alcohol use, intensity of physical activity, and presence of chronic disease were controlled for. When Yu et al. 24 analyzed the association between BMI and depressive symptoms in 20,385 adults aged 18 or older, they found that the overweight group had a higher risk for depressive symptoms than did the normal weight group; however, there is a possibility that the obese group might have a lower risk for depressive symptoms than the normal group. In addition, Onyike et al. 25 reported that obesity and depressive symptoms are associated only in women. As shown here, despite the volume of previous findings on the association between obesity and depressive symptoms, the results remain heterogeneous with an unclear cause-effect relationship. Such heterogeneity in the results, including ours, is speculated to be due to the differences in the living environments of the participants, instruments for measuring depression, and other extraneous variables.
Meanwhile, our analysis of depressive symptoms and vitamin D levels showed that both men and women had lower depressive symptoms with increasing vitamin D levels. Similarly, in an analysis of the relationships between depression and low vitamin D levels in individuals aged 15-39 years, Ganji et al. 26 found an independent relationship between depressive state and low vitamin D level. Lee et al. 27 assessed depression in middle-aged European men using the BDI-II and reported an association between vitamin D levels and depressive symptoms. 26 Further, findings of adults aged 18-65 in the Netherlands also showed a significant association between low vitamin D levels and depressive disorder. In contrast, Milaneschi et al. 28 
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